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Abstract Novel, highly functionalized furan-based polyphenolics were
prepared. The employed methodology involves a one-pot 1,8-diazabi-
cyclo[5.4.0]undec-7-ene (DBU) catalyzed 1,4-conjugate addition of
1,3-dicarbonyl compounds on 3-bromochromones, furan heterocy-
clization, and chromanone ring opening.
Key words furan, polyphenols, 1,3-dicarbonyl compounds, 1,4-conju-
gate addition, ring transformation
The furan heterocycle is found in a variety of synthetic
and natural compounds, and some of these present a myri-
ad of biological activities, such as antitumor1 and antiviral
activity,2 among others.3 The furan moiety is also consid-
ered an important structural unit in polymers.4 Further-
more, furfural and 5-hydroxymethylfurfural are basic non-
petroleum chemicals that can be transformed into numer-
ous chemical intermediates of high industrial value.5
One of the most important methods for the synthesis of
furans is the Paal–Knorr approach, which consists of the
acid-catalyzed dehydrative cyclization of 1,4-dicarbonyl
compounds.6 Domino and multicomponent procedures7
and transition-metal-catalyzed synthesis8 are other meth-
ods that are used for the preparation of furan-based deriva-
tives. Nevertheless, due to the multiple operating reaction
steps and chemical-consuming drawbacks associated with
the currently reported methods, there remains a need to
develop procedures that can be conducted under milder re-
action conditions towards  furan-based derivatives.
Chromones, which are an important family of oxygen-
containing heterocyclic compounds,9 are desirable and ver-
satile starting materials for the design of a variety of het-
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logical applications.10 Halogen-containing chromones are a
small but interesting group of compounds because of the
synthetic transformations they can undergo.11 Iaroshenko
and Langer recently reported the synthesis of functional-
ized 2-salicyloylfurans by reacting 3-halochromones with
β-ketoamides using a one-pot protocol.12 Moreover, Gam-
mill reported the reaction of 3-bromochromone with dial-
kyl β-diketones or β-ketoesters in the presence of DBN or
DBU to prepare trisubstituted furans.13
Following our interest in preparing oxygen-containing
heterocyclic polyphenolics with potential biological prop-
erties using 3-bromochromones as starting materials,14 we
report herein the synthesis of novel, highly functionalized
polysubstituted furan derivatives. The methodology uti-
lized12,13 involves the reaction of 3-bromochromones 1a,b
with a series of substituted 1,3-dicarbonyl compounds 2a–
h catalyzed by DBU (Scheme 1,Table 1).15
Table 1  Furan-Based Polyphenolics 3a–i and Starting 3-Bromochromones 1a,b and 1,3-Dicarbonyl Compounds 2a–h
Scheme 1  Synthetic pathway and proposed mechanism for the synthesis of furan-based polyphenolics 3a–i
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2d
3d
36
2e
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60
1b
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76
2f
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a Yield after chromatographic purification and recrystallization.
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of base (1 drop) was used in THF heated to reflux for 48
hours, with furans 3a–i being obtained in moderate to good
yields (30–76%). Given that, under these conditions, furan
derivative 3d was obtained in moderate yield (36%) and
some unreacted 3-bromochromone 1a and 1,3-dicarbonyl
compound 2d remained, we examined the use of longer re-
action times and increased quantities of base. However, un-
der these conditions, the formation of the desired furan de-
rivative was not favored; instead, increasing amounts of
degradation products were observed. Although unsuccess-
ful, the same study was performed for the derivatives ob-
tained in lower yields.
The results seem to indicate that the reaction is favored
by the use of less substituted 1,3-dicarbonyl reagents,
which permits access to the corresponding furans 3a, 3e,
and 3f in good yields (60–76%). The use of 1,3-dicarbonyl
compounds with a styryl group as substituent leads to the
corresponding 5-styryl substituted furan derivatives 3b and
3c (48 and 56%, respectively) in better yields than those of
3d and 3h, bearing the 5-phenyl group (36 and 38%, respec-
tively). The synthetic procedure described herein possesses
several advantages, including mild conditions and a one-
pot protocol, and it is suitable for the construction of a li-
brary of important furan-based polyphenolic compounds
(Table 1).16
As proposed by Gammill,13 the reaction presumably fol-
lows a tandem process that is initiated by an organobase-
promoted 1,4-conjugate addition of 2 to 1, leading to inter-
mediate I, which is in equilibrium with the corresponding
enolic tautomer in the attached 1,3-dicarbonyl moiety II.17
This enolic form readily undergoes intramolecular hetero-
cyclization, involving nucleophilic substitution of the bro-
mo leaving group, affording a fused dihydrofuran-chroma-
none intermediate III. Finally, this intermediate goes
through a chromanone ring opening, and is converted into
polysubstituted furan 3 (Scheme 1).
The most important structural features revealed from
analysis of the 1H NMR spectra of furans 3a–i are the singlet
corresponding to the resonance of the H-3 proton at δ =
7.35–7.61 ppm. However, the furan ring of derivative 3e
displays two doublets at δ = 7.71 (H-3) and 8.20 (H-5) ppm
as a result of the small coupling between protons H-3 and
H-5 (JH3–H5 = 0.8 Hz). The 3′-OH and 3′′-OH protons of the
2,4-benzoyl substituents appear at high frequency (δ =
11.88–12.80 and 11.86–12.03 ppm, respectively), due to in-
tramolecular hydrogen bonding with the carbonyl groups.
Furans 3b, 3c, and 3i, bearing a 5-styryl group, were mainly
characterized by the presence of the CHα=CHβ double bond,
which resonates as two doublets at δ = 7.22–7.37 (Hα) and
7.52–7.57 (Hβ) ppm, and exhibits a mutual coupling con-
stant JHα–Hβ of approximately 16 Hz, typical of the trans-
configuration.
The structure of furans 3a–i was further confirmed by
their 13C NMR spectra and by analysis of their HSQC and
HMBC spectra (Figure 1 shows the main HMBC correlations
for 3a). Differentiation between quaternary carbons C-2
(δ = 148.5–152.0 ppm) and C-4 (δ = 121.1–127.3 ppm) was
achieved by examining the HMBC correlations that were es-
tablished with the neighboring protons H-3, 5-CH3 and Hα
in the 5-styryl substituted furans (Figure 1). Moreover, in all
cases, the 4-C=O (δ = 190.1–195.8 ppm) was found to be
more deshielded than the 2-C=O (δ = 182.6–184.8 ppm).
Figure 1  Main HMBC connectivities of furan 3a
The structural features of furans 3a–i were further in-
vestigated by single-crystal X-ray diffraction analysis of
compound 3a. This compound produced good-quality sin-
gle crystals from a (1:1) mixture of hexane and dichloro-
methane by slow evaporation at 6 °C. Crystallographic stud-
ies show that 3a crystallizes in the centrosymmetric mono-
clinic P21/n space group,18 with the molecular unit present
in the crystal structure confirming the structure previously
indicated by NMR studies (Figure 2).
Figure 2  Schematic representation of the molecular unit present in 
the crystal structure of 3a. Non-hydrogen atoms are represented as 
thermal ellipsoids drawn at the 50% probability level and hydrogen at-
oms are shown as small spheres with arbitrary radii. Intramolecular 
O–H···O and C–H···O hydrogen bonds are depicted as dashed green and 
orange lines, respectively. Hydrogen-bond geometry: dO4···O3 = 2.517(2) Å 
and OHO angle 145°; dC7···O1 = 3.065(3) Å and CHO angle 126°.
In summary, we have reported the preparation of furan-
based polyphenolic derivatives by a one-pot synthetic
methodology. This procedure starts with an organobase-
catalyzed 1,4-conjugate addition of 1,3-dicarbonyl com-
pounds onto 3-bromochromones and follows a tandem pro-
cess of furan heterocyclization and chromanone ring open-
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J. L. C. Sousa et al. LetterSyn letting. The biological properties of these novel, highly func-
tionalized furan-based polyphenolics will be investigated in
due course.
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J = 9.0, 2.5 Hz, 1 H, H-6′′), 3.95 (s, 3 H, 3′′′-OCH3), 3.93 (s, 3 H,
4′′′-OCH3), 3.89 (s, 3 H, 5′′-OCH3). 13C NMR (125.77 MHz, CDCl3):
δ = 191.9 (C-1′′), 184.3 (C-1′), 166.6 (C-5′′), 166.2 (C-3′′), 163.3
(C-3′), 159.6 (C-5), 150.8 (C-4′′′), 149.3 (C-3′′′), 148.9 (C-2),
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